Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is one of the most frequent malignant cancers which has a high rate of mortality and is a huge economic burden worldwide.[@CIT0001] Although the treatment of liver cancer has improved rapidly, the 5-year survival rate of HCC is still lower than 20%.[@CIT0002] In addition, the mortality of HCC has increased annually in developed and developing countries.[@CIT0003],[@CIT0004] Although further studies are required to fully understand the pathogenesis of HCC, chronic inflammation has been considered to be an important factor in the pathogenesis process of liver cancer, especially HCC.[@CIT0005]--[@CIT0008] In patients with virus infection or alcohol addiction, chronic hepatitis induces liver fibrosis and cirrhosis of stellate cells, resulting in HCC.[@CIT0009]

In the past few decades, the modulatory role of the immune system in tissue homeostasis has been widely reported, and different previous studies have focused on the impact of the inflammatory microenvironment on tumor progression.[@CIT0010],[@CIT0011] However, the effect of macrophage-regulated inflammation in the paraneoplastic liver tissue on hepatic carcinogenesis was still underestimated. Among all the effective immune cell types, the monocyte-macrophage lineage has been considered an important moderator of local paraneoplastic inflammation in carcinogenesis. Ohtsuki et al.[@CIT0012] reported that, when compared to M1 polarization, M2 polarization of macrophages may accelerate HCC progression in mice infected with hepatitis C virus. Apart from their role in local inflammatory mediation, the polarization of macrophages in paraneoplastic tissue is now known to contribute to carcinogenesis. We previously reported that the increase in the total number of macrophages in the paraneoplastic tissue correlated with the poor pathological grade in human HCC.[@CIT0011],[@CIT0013] In 2016, Mendes et al.[@CIT0014] found that both M1 and M2 polarized macrophages were present at higher numbers in fibrotic and cirrhotic tissues of HCC compared to healthy liver. In mouse models, inhibition of the inflammatory microenvironment within tumors has been implicated as a therapeutic target for inflammation-associated cancers such as HCC.[@CIT0017]--[@CIT0019]

In addition, tumorous angiogenesis was promoted by cytokines in inflammation,[@CIT0015],[@CIT0016] and microvessel density was found positively associated with the presence of macrophages.[@CIT0016] Furthermore, cytokines derived from macrophage-regulated inflammation are known to also contribute to cancer progression by promoting angiogenesis.[@CIT0020] Although the mechanism of how the increased neo-angiogenesis in paraneoplastic tissue contributes to cancer progression is still unclear, it was regarded as an initial transformation in carcinogenesis.[@CIT0021] Thus, due to the important role of inflammation in cancer initiation and progression, controlling the inflammation in paraneoplastic tissue would potentially reduce the angiogenesis in paraneoplastic tissue and even limit the carcinogenesis.

While two major groups of anti-inflammatory agents, namely the non-steroid anti-inflammatory drugs like aspirin and the steroids known as glucocorticoids (GCs), have been reported to be potential adjuvant medications for cancer,[@CIT0027]--[@CIT0029] more research effort should be made to investigate their economic oral or intravenous medications as a therapy to control the HCC by inhibiting the macrophage-regulated inflammation in paraneoplastic liver tissues. Clinically, because of their significant immunosuppression properties, GCs are the most commonly used steroids in the treatment of autoimmune diseases and infections. Exogenous GCs block the antigen presentation of antigen-presenting cells, and downstream, inhibit the release of inflammatory cytokines by immune cells such as T cells and macrophages.[@CIT0030]--[@CIT0032] The long-acting GC, dexamethasone, can prevent liver carcinogenesis in mice through inducing a switch from glycolysis to gluconeogenesis.[@CIT0033] In clinical practice, long-acting GCs have more side effects on the hypothalamic-pituitary-adrenal axis than short-acting GCs.[@CIT0034] However, it is unclear whether the short-acting GCs (with fewer adverse effects) would have any inhibitory effects on chronic inflammation in paraneoplastic tissue and on HCC progression. On the other hand, aspirin has been more widely accepted than GCs to be used to prevent cancers by inhibiting the platelet-dependent pathway. A mouse model of chronic hepatitis B has shown that aspirin prevents HCC development by inhibiting inflammatory events that are independent of platelets.[@CIT0035],[@CIT0036] However, the anti-inflammatory effect of GCs and aspirin on HCC was not studied in previous investigations, and the exact effect of aspirin on the macrophage-moderated paraneoplastic inflammation and HCC progression remains unclear.

Endogenous glucocorticoids (GCs) modulate cell growth, differentiation, and metabolism, and therefore, they are essential for mammalian homeostasis.[@CIT0028]

Therefore, the current study investigated the potential effect of a short-acting GC, hydrocortisone, on paraneoplastic inflammation and HCC progression as well as the correlation between paraneoplastic inflammation and HCC progression. In addition, this study compared its treatment effect with that of aspirin on HCC progression.

Materials And Methods {#S0002}
=====================

Animals And Treatments {#S0002-S2001}
----------------------

A rat model of diethylnitrosamine (DEN)-induced HCC was established according to previous studies.[@CIT0037],[@CIT0038] Thirty-two male adult Wistar rats (180--220 g) were purchased from the Experimental Animal Center of the Southern Medical University (Guangzhou, Guangdong, China). Rats were housed individually, provided with a standard rat laboratory diet and drinking water *ad libitum*, and maintained in a room with a constant temperature of 23 ± 1°C and humidity of 55 ± 5% and with a 12-h light/12-h dark cycle. The rats were randomly divided into four groups of eight animals. The model control (CON) group was administered DEN (ToYongBio, Shanghai, China) and saline; the GLU group was administered DEN and glucuronolactone (GLU) (ToYongBio); the GLU+HYD group was administered DEN, GLU, and hydrocortisone (HYD) (ToYongBio); and the GLU+ASP group was administered DEN, GLU, and aspirin (ASP) (ToYongBio). In this study, 0.01% DEN was administered in drinking water (100mg/L), and the other agents (GLU at 10 mg/kg, HYD at 6 mg/kg, and ASP at 10 mg/kg) were administered by gavage once daily from the study commencement until the animal was sacrificed (week 12 or week 16). The rats were examined periodically, and their body weights were recorded every other week. All animal procedures were carried out according to the Guidelines for the Welfare and Use of Animals in Cancer Research and were approved by the Animal Care and Use Committee of Southern Medical University.

Three animals in each group were sacrificed by cervical dislocation under deep anesthesia with 2% pentobarbital sodium (3 mL/kg i.p.) at the end of week 12. Since one animal was lost from the CON, GLU and ASP+GLU groups, respectively, before the end of week 16, four animals in the CON, GLU and ASP+GLU groups and five in the GLU+HYD group were sacrificed by cervical dislocation under deep anesthesia with 2% pentobarbital sodium (3 mL/kg i.p.) at week 16. Liver specimens were removed carefully after the rats were sacrificed. The liver surface was observed macroscopically for obvious nodules (see below). Some hepatic nodules on the liver surface and paraneoplastic tissue were fixed in 4% paraformaldehyde solution for histopathological and immunohistochemical examinations. The remaining liver tissue was quickly frozen in liquid nitrogen before storing at −80°C for Western blot assays.

Liver Morphology And Histopathology {#S0002-S2002}
-----------------------------------

Macroscopically visible hepatic nodules on the liver surface were recorded. For histological examination, fixed liver samples were processed and embedded in paraffin blocks. Tissue block sections of 5μm were cut using a paraffin microtome (RM2125 RTS, Leica, Wetzlar, Germany) and processed routinely for staining with hematoxylin and eosin. The liver pathological changes including pathological grade (Edmondson-Steiner grade), tumor maximum diameter and nodule number on liver surface were measured by three independent pathologists in a double-blind manner.[@CIT0039]

Immunohistochemistry {#S0002-S2003}
--------------------

Numbers of macrophages and M2 polarized macrophages and density of microvessels (MVD) in the paraneoplastic tissue microenvironment were evaluated using immunohistochemistry and image analyses, with CD68-positive cells being counted as macrophages, CD206-positive cells as M2 polarized macrophages, and CD34-positive vessels being measured for MVD. For immunostaining, paraffin sections of 3-μm thick were deparaffinized and rehydrated and were boiled in 0.01 M sodium citrate buffer (pH 6.0) for 3 min (CD206) or 8 min (CD68 and CD34) in a microwave oven for antigen retrieval. After blocking endogenous peroxidase with 0.3% H~2~O~2~ in methanol, the sections were incubated with anti-CD68 antibody (Abcam, Cambridge, UK; 1:1500), anti-CD206 antibody (Abcam; 1:1000), and anti-CD34 antibody (Abcam; 1:1500) at 4°C overnight. After incubation with a horseradish-peroxidase-conjugated secondary antibody (ZhongShanJinQiao, Beijing, China) at 37°C for 2 h, the immunostaining signal was developed with 3, 3′-diaminobenzidine tetrachloride (ZhongShanJinQiao) for 5 min. The sections were counterstained with hematoxylin, and the stained tissue sections were reviewed under a light microscope (Nikon ECLIPSE Ni-U, Tokyo, Japan).

Macrophages and M2 polarized macrophages were counted in 10 random fields (400×) of paraneoplastic tissue of each liver, respectively. The mean value of CD68-positive cells per field (400×) was recorded as macrophage density, and CD206-positive cells per field (400×) as M2 polarized macrophage density.[@CIT0016] To analyze MVD, five representative fields (200×) in paraneoplastic tissue from two random sections of each liver were selected. CD34-positive vessels were counted with a magnification of 200 in the representative fields and MVD was assessed as the mean value of CD34-positive vessels per measured field (200×).[@CIT0040]

Western Blotting {#S0002-S2004}
----------------

To examine treatment effects on expression of inflammatory and anti-inflammatory cytokines, inflammation regulatory kinase/transcription factor(s), growth factors and the major angiogenic factor, protein expression levels of tumor necrosis factor (TNF)-α, p38 mitogen-activated protein kinase (p38 MAPK, p38), phosphorylated p38 MAPK (p-p38), interleukin (IL)-10, nuclear factor (NF)-κB, hepatocyte growth factor (HGF), and transforming growth factor (TGF)-β1, and vascular endothelial growth factor (VEGF) in the precancerous hepatic tissue were analysed using Western blotting after 12 and 16 weeks of HCC induction. The precancerous hepatic tissue was homogenized using SDS-PAGE lysis buffer (50 mM Tris-HCl, 150 mM NaCl, 5 mM EDTA, 0.3% Triton X-100, 0.03% SDS, 1 μg/mL aprotinin, 1 μg/mL leupeptin, and 1 mM PMSF) at 4°C. The homogenates were centrifuged at 12 000 *g* for 30 min. The protein extracts were quantified using a bicinchoninic acid assay kit (Pierce Biotechnology, Rockford, IL, USA).

For Western blotting analyses, 50 μg (for p38, p-p38, NF-κB, IL-10, HGF, TGF-β1 and VEGF) and 75 μg (for TNF-α) of protein lysates were resolved on 10% (p38, p-p38, NF-κB, IL-10, HGF, TGF-β and VEGF) and 15% (TNF-α) SDS-PAGE, respectively, and electrotransferred to polyvinylidene fluoride membranes (Immobilon P; Millipore, Bedford, MA). After being blocked in 5% nonfat dry milk in tris-buffered saline (pH 7.5), the membranes were immunoblotted overnight at 4°C with anti-TNF-α (1:1500; Abcam), anti-p38 (1:500; Cell Signalling, Danvers, MA), anti-p-p38 (1:500; Cell Signalling), anti-NF-κB (1:3000; Proteintech, Chicago, IL), anti-IL-10 (1:800; Abcam), anti-HGF (1:2000; Abcam), anti-TGF-β1 (1:2000) and anti-VEGF (1:250; Cell Signalling) followed by their respective secondary antibodies. Signals were detected using enhanced chemiluminescence (Pierce, Rockford, IL). The integral optical density of the bands was determined using Gel-Pro Analyzer 4.0 software (Media Cybernetics, Rockville, MD). The association between levels of these cytokines/factors in the hepatic microenvironment and HCC was analyzed.

Statistics {#S0002-S2005}
----------

The in vivo data were from n=3--5 rats/group. SPSS 19.0 (IBM SPSS Inc. Chicago, IL, USA) was used to evaluate data. One-way analysis of variance followed by LSD *t*-test were used to analyze differences between groups, and 2-tailed significance was determined. Results are presented as the mean ±standard deviation (SD) for all parameters measured. P\<0.05 was considered statistically significant.

Results {#S0003}
=======

Hydrocortisone Or Aspirin Exposure Does Not Affect Body Weight Changes Of HCC Rats {#S0003-S2001}
----------------------------------------------------------------------------------

The body weights of each group were measured at 12- and 16-weeks post-HCC induction ([[Suppl file 1](https://www.dovepress.com/get_supplementary_file.php?f=224618.xlsx)]{.ul}). No significant differences of body weight were seen among groups at each time point. At the end of Week 12, the body weight of Control was 287.13±24.53 g, GLU 293.77±23.01 g, GLU+HYD 285.14±13.88 g, and GLU+ASP 293.06±23.01 g. By the end of the study (Week 16), the body weight of Control was 290.07±23.38 g, GLU 305.15±18.37 g, GLU+HYD 294.74±6.29 g, and GLU+ASP 305.40±19.46 g. These data suggested that neither low dose hydrocortisone exposure nor aspirin exposure influenced the growth and development of rats with HCC.

Hydrocortisone Treatment Suppresses Morphological And Pathological Changes After HCC Induction {#S0003-S2002}
----------------------------------------------------------------------------------------------

To assess the effect of each intervention on HCC progression, by Week 12 and Week 16 the numbers of HCC nodules and liver cirrhosis levels were measured macroscopically and histopathologically ([[Suppl file 2](https://www.dovepress.com/get_supplementary_file.php?f=224618.xlsx)]{.ul}). Liver cirrhosis and HCC nodules were obvious in both Week 12 and Week 16 ([Figure 1A](#F0001){ref-type="fig"}). The numbers of HCC nodules in the GLU+HYD and GLU+ASP groups showed a marked decline when compared with those in the Control and GLU groups at each time post-HCC induction ([Figure 1B](#F0001){ref-type="fig"}). All groups developed HCC in Week 12 after HCC induction ([Figure 1C](#F0001){ref-type="fig"}). While Grade II HCC was seen in the Control and GLU groups in Week 12 ([Table 1](#T0001){ref-type="table"}), only Grade I HCC was found in the GLU+HYD and GLU+ASP groups in Week 12 ([Table 1](#T0001){ref-type="table"}). In Week 16, all groups developed both Grade I and Grade II HCC ([Table 1](#T0001){ref-type="table"}). The maximum diameters of hepatic nodules in all groups were also measured at different weeks, and the maximum diameter in GLU+HYD was reduced when compared to other groups ([Table 1](#T0001){ref-type="table"}).Table 1Pathological Results Of Liver In Each Group At 12 And 16 Weeks Post-HCC InductionNo. Of Grade I HCC (% Of Total)No. Of Grade II HCC (% Of Total)Liver Cirrhosis In Paraneoplastic Tissue (% Of Total)Maximum Diameter (mm)Tumor Nodule (Nodules On Each Liver)TimeGroupsWeek 12CON1 (33%)2 (67%)3 (100%)558.3 ± 5.7GLU1 (33%)2 (67%)3 (100%)459.3 ± 6.4GLU+HYD3 (100%)03 (100%)317.3 ± 20.0^\*\*,††^GLU+ASP3 (100%)03 (100%)218.0 ± 13.9^\*\*,††^Week 16CON04 (100%)4 (100%)15167.0 ± 2.9GLU04 (100%)4 (100%)14158.3 ± 2.1GLU+HYD4 (80%)1 (20%)5 (100%)897.6 ± 12.0^\*\*,††^GLU+ASP2 (50%)2 (50%)4 (100%)15107.8 ± 15.3^\*\*,††^[^2][^3] Figure 1HCC nodules and pathological analyses at 12 and 16 weeks after HCC induction and treatment with glucuronolactone (GLU) or together with hydrocortisone (HYD) or aspirin (ASP) when compared with the model group (Control). (**A**) Obvious liver cirrhosis and HCC nodules found in gross examination of specimens in the Control group at Week 12 and in all groups at Week 16. (**B**) Fewer HCC nodules in the GLU+HYD and GLU+ASP groups than the Control and GLU groups at Week 12. (**C**) At Week 12, all groups developed HCC and obvious cirrhosis, but Grade II lesions were found only in the Control and GLU groups. In Week 16, all groups developed Grade I and II HCC (hematoxylin and eosin, 400×). Red arrows indicate HCC lesions. \*\*P\<0.01 versus the Control group; ^††^P \< 0.01 versus the GLU group.

Hydrocortisone Treatment Reduces Density Of Microvessels And Expression Of Angiogenic Growth Factor VEGF At Week 12 After HCC Induction {#S0003-S2003}
---------------------------------------------------------------------------------------------------------------------------------------

The local CD34 positive vessels were measured to analyze the effect of each intervention on angiogenesis in paraneoplastic tissue ([[Suppl file 3](https://www.dovepress.com/get_supplementary_file.php?f=224618.xlsx)]{.ul}). Vessels formed by CD34 positive endothelial cells were found increased with time ([Figure 2A](#F0002){ref-type="fig"}), and the MVDs were found reduced in the GLU+HYD and GLU+ASP groups when compared to GLU and Control groups in the paraneoplastic tissue in Week 12, although the reductions in the two treatment groups at Week 16 were not statistically significant ([Figure 2B](#F0002){ref-type="fig"}). These data indicate that aspirin or hydrocortisone treatment inhibits early paraneoplastic angiogenesis in HCC carcinogenesis.Figure 2Effects of treatment with glucuronolactone (GLU) or together with hydrocortisone (HYD) or aspirin (ASP) compared with the model group (Control) on microvessel densities and protein expression levels of vascular endothelial growth factor (VEGF) in paraneoplastic tissue at 12- or 16-weeks post-HCC induction. (**A**) CD34-positive vessels (red arrows) in paraneoplastic tissue (200×). (**B**) Comparison of CD34-positive vessels per measured area. (**C--D**) Western blot analyses for VEGF: representative blots and quantitative results. 1. Control; 2. GLU; 3. GLU + HYD; 4. GLU +ASP. Results are means ± SD, n=3--5 animals in each group. \*\*P\<0.01 versus the Control group; ^††^P \< 0.01 versus the GLU group; ^‡‡^P \< 0.01 versus the GLU+ASP group.

Interestingly, at Week 12, the protein expression level of the major angiogenic growth factor, VEGF, was found to be lower in the GLU+HYD group when compared to the other groups as shown by Western blotting analyses ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). At Week 16, no differences of VEGF expression were found among the groups.

Hydrocortisone Treatment Reduces Paraneoplastic Macrophage Presence, Inflammatory And Anti-Inflammatory Cytokine And NF-B Expression, And P38 Activation At Week 12 After HCC Induction {#S0003-S2004}
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The paraneoplastic CD68-positive cells were measured by immunohistochemistry as total macrophages after HCC induction ([Figure 3A](#F0003){ref-type="fig"}). At Week 12, densities of the CD68-positive cells (macrophages) were similar in Control, GLU and GLU+ASP treatment groups, but comparatively were decreased significantly in the GLU+HYD group ([Figure 3A](#F0003){ref-type="fig"}). At Week 16, densities of CD68-positive cells were not different among all groups.Figure 3Effects of treatment with glucuronolactone (GLU) or together with hydrocortisone (HYD) or aspirin (ASP) compared with the model group (Control) on numbers of CD68 or CD206-positive macrophages in paraneoplastic tissue at Week 12 or 16 post-HCC induction. (**A**) CD68-positive cells (red arrows) in paraneoplastic tissue (200×) and comparison of positive cell density (cells per field, 200×). (**B**) CD206-positive cells (red arrows) in paraneoplastic tissue (200×) and comparison of positive cell density (cells per field, 200×). Values are expressed as means ± SD (n=3--5 animals in each group). \*\*P\<0.01 versus the Control group; ^††^P \< 0.01 versus the GLU group; ^‡‡^P \< 0.01 versus the GLU+ASP group.

The paraneoplastic CD206-positive cells were measured as M2 polarized macrophages ([Figure 3B](#F0003){ref-type="fig"}). The treatment effects on densities of CD206-positive cells had the similar trends as for CD68 positive cells. At Week 12, densities of the CD206-positive cells were decreased significantly in the GLU+HYD group compared to the Control, GLU and GLU+ASP groups ([Figure 3B](#F0003){ref-type="fig"}). At Week 16, densities of CD206-positive cells were similar among all groups.

Western blotting analyses ([Figure 4A](#F0004){ref-type="fig"}) showed that, at Week 12 ([[Suppl file 4](https://www.dovepress.com/get_supplementary_file.php?f=224618.xlsx)]{.ul}), levels of paraneoplastic TNF-α ([Figure 4B](#F0004){ref-type="fig"}), phosphorylated p38 (p-p38) ([Figure 4D](#F0004){ref-type="fig"}), NF-κB ([Figure 4E](#F0004){ref-type="fig"}) and IL-10 ([Figure 4F](#F0004){ref-type="fig"}) were reduced in the GLU+HYD group when compared to the Control, GLU and GLU+ASP groups, although levels of total p38 ([Figure 4C](#F0004){ref-type="fig"}) were not significantly different between all groups. At Week 16 ([[Suppl file 5](https://www.dovepress.com/get_supplementary_file.php?f=224618.xlsx)]{.ul}), no significant differences in levels of paraneoplastic TNF-α, p38, p-p38, NF-κB and IL-10 were seen among all groups. These results indicate that hydrocortisone treatment inhibits the inflammation in paraneoplastic tissue sufficiently during the first 12 weeks of HCC induction.Figure 4Effects of treatment with glucuronolactone (GLU) or together with hydrocortisone (HYD) or aspirin (ASP) compared with the model group (Control) on protein expression levels of inflammatory and anti-inflammatory cytokines and inflammation regulatory factors in hepatic paraneoplastic tissue at the ends of weeks 12 and 16. (**A**) Representative Western blots for tumor necrosis factor-α (TNF-α), p38 mitogen-activated protein kinase (p38 MAPK, p38), phosphorylated (p)-p38, nuclear factor-κB (NF-κB, P65 subunit), and interleukin-10 (IL-10). Lanes 1, Control; 2, GLU; 3, GLU + HYD; 4, GLU + ASP. (**B--F**) Quantitative results of Western blots. Values are expressed as means ± SD (n=3--5 animals in each group). \*\*P\<0.01 versus the Control group; ^††^P \< 0.01 versus the GLU group; ^‡‡^P \< 0.01 versus the GLU+ASP group.

Hydrocortisone Treatment Reduces Paraneoplastic Expression Of TGF-1 And HGF At Week 12 After HCC Induction {#S0003-S2005}
----------------------------------------------------------------------------------------------------------

Furthermore, Western blotting analyses were carried out to examine treatment effects on expression of TGF-β1 and HGF, two paraneoplastic growth factors induced by chronic inflammation and known to be involved in HCC progression ([Figure 5](#F0005){ref-type="fig"}). At Week 12 ([[Suppl file 4](https://www.dovepress.com/get_supplementary_file.php?f=224618.xlsx)]{.ul}), levels of the paraneoplastic TGF-β1 ([Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}) and HGF ([Figure 5A](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}) were reduced in the GLU+HYD group when compared to the Control, GLU and GLU+ASP groups. At Week 16 ([[Suppl file 5](https://www.dovepress.com/get_supplementary_file.php?f=224618.xlsx)]{.ul}), no significant differences in levels of paraneoplastic TGF-β1 and HGF were seen among all groups. These results indicate that hydrocortisone treatment inhibits expression of growth factors TGF-β1 and HGF in paraneoplastic tissue sufficiently during the first 12 weeks of HCC induction.Figure 5Effects of treatment with glucuronolactone (GLU) or together with hydrocortisone (HYD) or aspirin (ASP) compared with the model group (Control) on protein expression levels of transforming growth factor-β (TGF-β1) and hepatocyte growth factor (HGF) in hepatic paraneoplastic tissue at Week 12 and 16 post-HCC induction. (**A**) Representative Western blot assay for TGF-β1 and HGF. Lanes 1, Control; 2, GLU; 3, GLU + HYD; 4, GLU + ASP. (**B**) Quantitative results of Western blots. Values are expressed as means ± SD (n=3--5 animals in each group). \*\*P\<0.01 versus the Control group; ^††^P \< 0.01 versus the GLU group; ^‡‡^P \< 0.01 versus the GLU+ASP group.

Discussion {#S0004}
==========

Previously, the contribution of local chronic inflammation to carcinogenesis has been noticed clinically, as chronic hepatitis virus infection was found correlated with HCC progression,[@CIT0041] anti-inflammatory treatment was reported to attenuate carcinogenesis[@CIT0035],[@CIT0036],[@CIT0042] and aspirin treatment can reduce the risk of developing HCC.[@CIT0036] However, the potential of chronic inflammation as a therapeutic target to halt the HCC progression is still obscure. Moreover, while glucocorticoids (GCs) have been shown to enhance cell proliferation and inhibit apoptosis for most mammalian cell types,[@CIT0043],[@CIT0044] there have not been sufficient in vitro tests of GCs on cancer cells to indicate the potential benefit of GCs on carcinogenesis. Furthermore, while the use of GCs may be harmful for skin cancer, lymphoma and breast cancer,[@CIT0045],[@CIT0046] effects of GCs on the progression of HCC have not been fully investigated by in vivo studies. Therefore, in the current study, to investigate whether different types of anti-inflammatory agents attenuate HCC progression, treatment effects of hydrocortisone vs aspirin in conjunction with the commonly used hepatoprotective medication, glucuronolactone, on inflammation and angiogenesis in hepatic paraneoplastic tissue were measured at different time points in a rat HCC model. We demonstrated that hydrocortisone treatment can reduce macrophage polarization, expression of inflammatory and anti-inflammatory cytokines, activation of inflammation mediator p38, and angiogenesis in paraneoplastic tissue, and attenuate early HCC progression. This study has provided strong evidence to support the preventive role of anti-inflammatory agents on carcinogenesis in vivo, and this study represents the first in vivo evaluation of hydrocortisone treatment in HCC progression showing some beneficial effect.

In 2006, Zhang et al[@CIT0047] reported that dexamethasone inhibited apoptosis of HCC cells and the release of inflammatory cytokines by fibroblasts in vitro. In our study, hydrocortisone treatment was found to reduce the early paraneoplastic inflammation and microvessel density and to attenuate HCC progression at Week 12 before advanced solid tumors developed without showing obvious adverse effects ([Figures 1](#F0001){ref-type="fig"}--[5](#F0005){ref-type="fig"}). Nevertheless, at Week 16 post-HCC induction, both hydrocortisone and aspirin showed no obviously protective effect on the HCC pathological grade and morphological results in rats, which suggests that anti-inflammatory treatment plays a preventive role rather than an anti-tumorigenesis role ([Figure 1](#F0001){ref-type="fig"}). While the poor blood supply and more dependence on the environment in early HCC colonization could explain the result partially,[@CIT0048] this phenomenon still needs to be investigated further in future studies.

The correlation between paraneoplastic inflammation and HCC was proved again in our study. Increased levels of TNF-α and p38 phosphorylation indicate the increased inflammatory level in the paraneoplastic microenvironment, which is consistent with a previous report.[@CIT0049] The paraneoplastic inflammation was inhibited significantly by hydrocortisone treatment during the early progression of HCC before Week 12 ([Figures 3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}). Unfortunately, the paraneoplastic inflammation surrounding advanced HCC was found to be resistant to hydrocortisone treatment and remained unresolved when the animals received continuous DEN. In clinical practice, glucocorticoid-resistant inflammation still puzzles the physicians.[@CIT0050] However, results from the current study suggest that hydrocortisone at this dosage inhibits HCC induction by reducing paraneoplastic inflammation but it does not have an anti-cancer activity after advanced solid tumors have formed.

The chronic inflammation in paraneoplastic tissue has been considered an important contributing factor in HCC progression. However, the mechanisms and relevant signaling molecules of the macrophage modulation are still largely unknown. Classic macrophages are considered to be essential in chronic hepatic inflammation and therefore contribute to hepatic carcinogenesis.[@CIT0051] The modulatory role that paraneoplastic macrophages, especially M2 polarized macrophages, play in chronic inflammation has been demonstrated in recent investigations.[@CIT0052],[@CIT0053] In a rodent model, Ambade et al[@CIT0052] demonstrated that macrophages were predominant in livers of alcohol-DEN -treated animals, and that both total macrophages and M2 polarized macrophages were present at higher densities in paraneoplastic tissues when compared to healthy liver. Moreover, M2 polarized macrophages promote liver angiogenesis and accelerate hepatic carcinogenesis.[@CIT0054],[@CIT0055] Consistent with these studies, our results suggest that hydrocortisone treatment inhibits paraneoplastic macrophage polarization and reduces release of associated cytokines from M1 (TNF-α) ([Figure 4B](#F0004){ref-type="fig"}) and M2 (IL-10) ([Figure 4F](#F0004){ref-type="fig"}) polarized macrophages and TNF-α stimulated fibroblasts (HGF and TGF-β1) ([Figure 5](#F0005){ref-type="fig"}), as well as downregulates inflammation-regulatory transcription factor NF-κB ([Figure 4E](#F0004){ref-type="fig"}) and MAPK p38 activation ([Figure 4D](#F0004){ref-type="fig"}). Previous studies have suggested that the overexpressed inflammatory cytokine (TNF-α[@CIT0056]), anti-inflammatory cytokine (IL-10[@CIT0052]), growth factors HGF[@CIT0057]--[@CIT0059] and TGF-β1,[@CIT0060],[@CIT0061] and NF-κB[@CIT0062]--[@CIT0064] in the hepatic microenvironment could form a vicious cascade to promote HCC progression.

Angiogenesis in paraneoplastic tissue plays important roles in the vicious cascade to promote HCC progression. An increased microvessel density (MVD) in paraneoplastic tissue suggests initial transformation in carcinogenesis.[@CIT0021] MVD and the major angiogenic cytokine, VEGF, have been shown to be obviously regulated by TGF-β and NF-κB.[@CIT0020],[@CIT0063] The current study showed that hydrocortisone treatment suppresses MVD ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}) and consistently the expression of VEGF ([Figure 2C](#F0002){ref-type="fig"}). These suggest that when hydrocortisone is administrated, the cascade may have been controlled and the early HCC colonization may have been inhibited. Although the regulation of macrophages and macrophage polarization by anti-inflammatory agents still need to be investigated further in hepatic carcinogenesis in future studies, a potential mechanism for hydrocortisone treatment-induced attenuated HCC progression can be proposed from data of the current study: hydrocortisone attenuates HCC progression by suppressing macrophage-mediated chronic inflammation and angiogenesis in paraneoplastic tissue ([Figure 6](#F0006){ref-type="fig"}).Figure 6The proposed mechanism for hydrocortisone treatment-induced attenuation of early-stage progression of HCC by suppressing macrophage-regulated chronic inflammation and angiogenesis in paraneoplastic tissue. Immune cells, stromal cells and HCC colonies in early-stage compose of a cascade initiated by exogenous chemicals (eg, DEN) or viral damage. The immune modulator, macrophage, is located at the key point of the cascade. Inflammatory cytokine, TNF-α, from activated macrophages induces overexpression of HGF and TGF-β1 from stromal cells and fibroblasts which in turn participate in the carcinoma progression. HGF has the anti-inflammatory action by promoting M2 polarization. Upregulated TGF-β1 and NF-κB promote formation of microvessels in cancerization area by increasing expression of VEGF. HGF and TGF-β1 also directly promote HCC by activating HGF/C-met and TGF-β/Smad pathways. Thus, the inflammatory cascade increases densities of the M2 polarized macrophages and microvessels (MVD) and finally promotes HCC progression. Regulation of macrophage-mediated inflammation by hydrocortisone suppresses the downstream events and inhibits formation of the HCC colonies in the early stage.

Previously, aspirin was reported to prevent HCC progression, thus, aspirin was used as a positive anti-inflammatory control in the current study.[@CIT0029] We showed that both aspirin and hydrocortisone had an inhibitory effect on MVD ([Figure 2](#F0002){ref-type="fig"}) and HCC pathological deterioration ([Table 1](#T0001){ref-type="table"} and [Figure 1](#F0001){ref-type="fig"}). However, aspirin showed no obvious inhibitory effects on the total number of macrophages ([Figure 3A](#F0003){ref-type="fig"}) and M2 polarized macrophages ([Figure 3](#F0003){ref-type="fig"}B). Moreover, aspirin treatment showed no obvious inhibitory effects on expression of the tested cytokines ([Figure 4B](#F0004){ref-type="fig"}--[F](#F0004){ref-type="fig"}). These findings suggest that aspirin did not influence M2 polarization and macrophage-related inflammation. Although hydrocortisone had an effect similar to that of aspirin on HCC progression, hydrocortisone exhibited a greater anti-inflammatory effect in the paraneoplastic tissue. On the other hand, our study suggested that aspirin influences the angiogenesis by a pathway other than the TGF-β and VEGF pathways, and the result is consistent with the report from Etulain et al[@CIT0015]. Thus, our results suggest that hydrocortisone and aspirin have different mechanisms in attenuating carcinogenesis.

Clinically, the use of GCs alone for hepatitis without assistance of liver protection and anti-viral medication are relatively dangerous due to significant side effects.[@CIT0065] According to The Merck Index, glucuronolactone is used as a detoxicant,[@CIT0066] which is the most commonly used hepatoprotective medication in some countries such as China.[@CIT0067] Therefore, the glucuronolactone was used for this manner in the current study. We showed that, while the single use of glucuronolactone showed no effect on controlling HCC progression, the combination uses of hydrocortisone with glucuronolactone showed protective effect in the early stage of HCC.

Although our results suggest that hydrocortisone attenuates HCC progression through inhibiting paraneoplastic inflammation and angiogenesis, the precise pathways for this effect in HCC remain largely unclear. However, our study provides evidence to indicate the regulatory role of paraneoplastic macrophages and angiogenesis and their associated cytokines/growth factors in the anti-inflammatory effects of hydrocortisone and its inhibitory effect on HCC progression. Thus, the impact of hydrocortisone on macrophage activation and polarization and angiogenesis will be investigated further in our future work.

Conclusion {#S0005}
==========

While previously inflammation has been implicated in hepatocellular carcinogenesis, and treatment with long-acting glucocorticoid dexamethasone was shown to prevent liver carcinogenesis in mice, the current study has demonstrated that treatment with hydrocortisone (a short-acting glucocorticoid clinically known to have fewer adverse effects compared to the long-acting glucocorticoids) can suppress paraneoplastic inflammation and angiogenesis and attenuate HCC progression at the early stage in rats. The present study has demonstrated that, in a rat model of DEN-induced HCC, hydrocortisone treatment can inhibit the chronic paraneoplastic inflammation induced by macrophages and angiogenesis and thus attenuate the early-stage HCC progression. This study has provided evidence for the strong correlation between paraneoplastic inflammation/angiogenesis and HCC progression. This study shows benefits and supports potential clinical use of hydrocortisone in attenuating early HCC progression.
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